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524A nationwide survey of vascular surgery trainees
reveals trends in operative experience, conﬁdence,
and attitudes about simulation
Cassidy Duran, MD,a Jean Bismuth, MD,a and Erica Mitchell, MD,b Houston, Tex; and Portland, Ore
Objective: There is mounting evidence supporting the beneﬁt of surgical skills training in a simulated environment.
However, the use of simulation in vascular surgery has been limited, and its value has been poorly understood. Access to
simulation is presumed to be a major barrier to its widespread implementation. While a great deal of discussion is taking
place at the national level, input from current trainees has not been obtained.
Methods: The Association of Program Directors in Vascular Surgery Committee on Education and Simulation sent
a survey to all vascular surgical trainees assessing access to vascular simulation, the perceived value of simulation, and
expectations for the future. Data were analyzed for junior (postgraduate year #4; n[ 73) and senior (postgraduate year
$5; n [ 110) level and program type (traditional [ 5 D 2/4 D 2; integrated [ 0 D 5).
Results: A total of 183 of 326 (56%) trainees completed the survey, 72 (0-5), 5 (4D2), 111 (5D2), respectively. Of the
respondents, 86% believe there is educational value in simulation. Cadaver dissections, followed by peripheral endo-
vascular simulators and endovascular aortic aneurysm repair simulators, were ranked the most valuable tools by seniors,
while anastomotic models are valued most by juniors, followed by cadavers and endosimulators. Fifty-six percent of
programs currently offer simulation training, most commonly in the form of peripheral endovascular simulators (70%),
anastomotic models (58%), or endovascular aortic aneurysm repair simulation (53%). Senior residents are more likely
than juniors to have attended outside simulation courses (37% vs 19%). Overall, 57% of trainees expect that technical
skills assessment will be incorporated into the certiﬁcation process, and 52% endorse skills assessment for certiﬁcation.
Conclusions: Trainees report limited operative experience and conﬁdence, and conﬁdence levels are improved for
a number of index procedures among those trainees with access to simulation. Trainees endorse the use of simu-
lation to augment their surgical training, and a signiﬁcant proportion of them already have access to it. These data
support a perceived need and utility for implementation of a standardized simulation curriculum in vascular surgical
training. (J Vasc Surg 2013;58:524-8.)Dramatic technologic advances have transformed the conﬂicting evidence in the literature makes it difﬁcult to
ﬁeld of vascular surgery, as there has been a shift away
from open vascular operations, and endovascular therapies
are increasingly utilized to treat patients with the spectrum
of vascular disease. Concurrent with these trends, the
vascular surgery trainee experience has changed to reﬂect
ongoing demands on the specialty and surgical training
in general. Vascular surgery training is inﬂuenced by the
80-hour work week, shorter training paradigms, greater
public scrutiny of training practices, and increasing preva-
lence of outpatient endovascular procedures. Whilethe Methodist DeBakey Heart and Vascular Center, The Methodist
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://dx.doi.org/10.1016/j.jvs.2012.12.072interpret the full impact of these changes, there is concern
among surgical educators and residents that graduating
trainees are unprepared to independently practice the full
spectrum of vascular surgery.1-4
In response to these constraints and concerns, surgical
skill and simulation centers have been created at many
centers in Northern America and in Europe. Simulation
training has been adopted bymedical educators to accelerate
psychomotor skill acquisition, enhance learning curves of
new skills, improve procedural understanding, and to assess
proﬁciency.5-10 Despite the rising prevalence of simulation
use in U.S. vascular surgical training programs, it is still
unclear how simulation training can best serve the needs of
vascular surgical trainees. The premise of this survey-based
study was to poll the trainees about simulation rather than
the more traditional approach of surveying program direc-
tors or faculty, as trainees have had limited opportunity to
offer their insight on this highly controversial topic. We
had four major goals when developing the survey, to deter-
mine (1) whether operative volume in index vascular proce-
dures as deﬁned for the Residency Review Committee
(RRC) correlated with vascular surgery trainee operative
conﬁdence; (2) whether the presence of simulation training,
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operative conﬁdence independent of resident operative
experience; (3) which forms of simulation were most effec-
tive in preparing residents for independent practice; and
(4) how trainees envision simulation training will be used
in the future.
METHODS
Survey design and administration. An electronic
survey was distributed to 326 vascular surgery trainees at
99 Accreditation Council on Graduate Medical Education
(ACGME)-accredited vascular surgery training programs
using e-mail addresses listed in the Association of Program
Directors in Vascular Surgery membership directory
for 2010-2011. The initial e-mail provided information
regarding the purpose and goals of the survey and login
information for the host website (Survey Monkey). The
survey included 20 questions regarding demographics,
operative experience and conﬁdence levels for index cases,
simulation exposure, and perceived educational value of
simulation training for vascular procedures.
Demographics. Participants were asked to report on
their gender, training paradigm, and postgraduate year
(PGY) level.
Operative experience and conﬁdence. Trainee opera-
tive experience for each of the RRC index vascular cases was
rated in categories: 0-5 (group 1), 6-10 (group 2), 11-20
(group 3), 21-50 (group 4), and >51 (group 5) cases per-
formed during their entire vascular surgery training. Trainee
operative conﬁdence levels for performing each index case
was identiﬁed using a 5-point Likert scale (1 ¼ not conﬁ-
dent, require close supervision; 3 ¼ somewhat conﬁdent,
require some supervision; 5¼ very conﬁdent, feel that I could
perform unsupervised). Trainees were also asked to report
whether their case numbers underestimated, accurately
estimated, or overestimated their overall technical ability.
Preparation for independent practice. Trainees were
asked if they believed they may leave their training programs
unprepared to practice the full spectrum of open vascular
and endovascular surgery. These were reported as yes or no.
Simulation training experience. Trainees were asked
if they had ever received simulation training, and if this
training was in their own institution or an outside institu-
tion. If trainees reported simulation experience, they were
asked to describe the types of simulation training they had
received (vascular anastomotic, abdominal aortic aneurysm,
endovascular aortic aneurysm repair [EVAR], endovascular
visceral or peripheral model, cadaveric dissection, or other).
Utility and future of simulation. Trainees were
asked if they believed there was educational value to simu-
lation training and speciﬁcally to report on the educational
value of each type of simulation experience (ranked using
a six-point Likert scale [1 ¼ best, 6 ¼ worst]). Finally,
trainees were asked if they believed simulation assessment
of technical skill would and/or should be part of future
board certiﬁcation process.
Participation in the survey was voluntary and anony-
mous. As an incentive to participate, trainees were providedwith the opportunity to win an iPad if they provided an
e-mail address upon completion of the survey. The online
survey site was available from November 18, 2011 through
December 11, 2011. The survey study and incentive were
approved by The Methodist Hospital Research Institute
Institutional Review Board.
Statistical methods and data analysis. Data were
analyzed for the cohort as a whole and by PGY; junior
residents were deﬁned as PGY #4 and seniors as PGY
$5. Operative experience for study participants was
summarized using mean case number. Self-reported oper-
ative conﬁdence scores were also calculated for each expo-
sure, and descriptive statistics (median and standard
deviation) reported. Data analysis was performed using
SPSS 19.0 (IBM Corporation, Somers, NY). Differences
were considered statistically signiﬁcant when P < .05.
RESULTS
Demographics. One hundred eighty-three of 326
(56%) vascular surgery trainees from three different training
paradigms completed the survey. Sixty percent of respon-
dents were training in traditional (5þ2) programs, 39% in
integrated (0þ5) programs, and <1% in early specialization
(4þ2) programs. Seventy-eight percent of respondents
were men, with an increasing percentage of women
respondents seen in the more recent medical school grad-
uates (54% of PGY1 respondents were women).
Operative experience and conﬁdence. Table I out-
lines the survey results for mean self-reported operative
experience, self-reported operative conﬁdence levels, and
correlation. Trainee self-reported operative conﬁdence
improved as experience increased. However, even for
those procedures for which trainees had performed greater
than 10 cases, all residents still reported conﬁdence levels
less than 5, and even senior residents reported low conﬁ-
dence (median, 3.6 and 4.1 for groups 3 and 4, respec-
tively), revealing that a lack of conﬁdence for truly
independent performance exists, despite sufﬁcient opera-
tive experience as reﬂected by operative logs. Residents
with access to simulation had signiﬁcantly higher conﬁ-
dence levels performing 12 of the 16 index procedures
(Table II). Eighty percent of trainees believe that their
case numbers accurately represent their ability, while only
12% believe that case numbers overestimate skill, and 7%
believe that their case numbers under-represent technical
ability.
Preparation for the full spectrum of vascular
surgery. Eighty-four percent of senior vascular trainees
believe they will leave their training programs well prepared
to practice the full spectrum of endovascular surgery, while
only two-thirds (65%) feel the same way about preparation
for open vascular surgical practice.
Simulation exposure. Fifty-six percent of all respon-
dents report some access to simulation training at their
home institution; 70% of this group have had exposure
to virtual reality (VR) peripheral endovascular simulators,
58% to anastomotic models, and 53% to VR EVAR simu-
lation (Table III). Junior trainees appear to have more
Table I. Senior ($PGY4) vascular surgical trainee operative experience, 2010-2011 trainee national average case
number, and self-reported operative conﬁdence for index vascular procedures
Case experience
for categories Operative procedure
2010-2011 national vascular
surgery resident average
Self-reported
operative conﬁdence
Mean self-reported
operative conﬁdence (SD)
0-5 CAS 14 2.3 2.5 (.59)
TEVAR 12 3.2
Visceral stent n/a 3.1
Carotid-subclavian 4 2.4
Visceral bypass 4 2.4
Open TAA 3 1.6
6-10 Open AAA 15 3.2 3.66 (.34)
Aorto-bifemoral bypass 9 3.5
11-20 Fem-pop stent (21-50) 19 (angioplasty) 4.1
EVAR 11-20 45 3.8
Endovenous (11-20) 19 3.3
Endo-AV access (11-20) n/a 3.7
Open venous (11-20) 6.4 (operation for varicose veins) 4
21-50 CEA 49 4.1 4.1 (.1)
Fem-pop bypass (11-20) 19 4.2
Open AV access 41 4
AAA, Abdominal aortic aneurysm; AV, arteriovenous; CAS, carotid artery stent; CEA, carotid endarterectomy; Endo, endovascular; EVAR, endovascular
aortic repair; Fem-pop, femoropopliteal; PGY, postgraduate year; SD, standard deviation; TAA, thoracoabdominal aneurysm; TEVAR, thoracic endovascular
aortic repair.
Table II. Trainee operative conﬁdence as it is impacted by the presence of any simulation tools in the home institution,
versus no simulation, and the procedure-speciﬁc impact of simulation
Procedure
Operative conﬁdence:
No access to simulation
Operative conﬁdence:
With access to any
form of simulation P value
Operative conﬁdence with simulation speciﬁc
to procedure type (n ¼ number with access
to simulation tool applicable to procedure)
CAS 1.80 2.01 .26 1.88 (n ¼ 71) (peripheral VR simulator)
TEVAR 2.31 2.95 .002
Visceral stent 2.25 2.88 .001 2.29 (n ¼ 71) (peripheral VR simulator)
Carotid-subclavian 1.79 2.16 .026
Visceral bypass 1.76 2.23 .004
Open TAA 1.36 1.56 .096
Fem-pop stent 3.25 3.77 .0096 3.28 (n ¼ 71) (peripheral VR simulator)
EVAR 2.87 3.33 .022 3.01 (n ¼ 55) (EVAR VR simulator)
Open AAA 2.36 2.78 .015 2.14 (n ¼ 28) (Open AAA model)
Aorto-femoral bypass 2.54 3.00 .0026
Endovenous 3.22 3.32 .47
Endo-AV access 3 3 .14
Open venous 3.33 3.59 .15
CEA 3.12 3.56 .05 3.67 (n ¼ 17) (CEA ﬂow model)
Fem-pop bypass 3.2 3.65 .025
Open AV access 3.57 3.79 .2 3.64 (n ¼ 59) (Open anastomosis simulations)
AAA, Abdominal aortic aneurysm; AV, arteriovenous; CAS, carotid artery stent; CEA, carotid endarterectomy; Endo, endovascular; EVAR, endovascular
aortic repair; Fem-pop, femoropopliteal; TAA, thoracoabdominal aneurysm; TEVAR, thoracic endovascular aortic repair; VR, virtual reality.
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47% for seniors), possibly reﬂecting early adoption of
simulation in the 0-5 vascular residencies. Senior trainees,
however, have more simulation exposure than their junior
colleagues (38% vs 19%) to simulation programs outside of
their home institution. Interestingly, there was no differ-
ence in mean operative conﬁdence for residents that had
access to procedure-speciﬁc simulation as compared with
their counterparts without simulation access. However, as
we did not ask about the degree of implementation of
simulation into an organized curriculum, these ﬁndings are
difﬁcult to interpret.Perceived educational value of simulation training.
Eighty-six percent of respondents believe there is educational
value to simulation training during residency. Diverging
value was placed on simulation modalities by trainees of
differing PGY. The majority of junior trainees rated open
anastomosis trainers as the tool with the most educational
value, followed by peripheral VR simulators (most com-
monly rated 1 and 2 respectively on Likert score). Senior
trainees, on the other hand, believe there is more educa-
tional value in cadaver dissections and VR endovascular
peripheral and aortic procedures (Likert of 1, 2, and 2
respectively). Interestingly, 57% of all trainees expect that
Table III. Percentage of junior and senior trainees with
access to different types of simulation within their home
institutions
Simulation type
Junior trainees
with access, %
Senior trainees
with access, %
Total,
%
Anastomotic models 51 20 32
Cadaver dissections 25 10 15
Peripheral VR
endosimulators
9 9 9
EVAR simulator 45 33 38
AAA model 33 25 28
CEA model 7 14 11
Other 1 3 2
Totals 71 47 56
AAA, Abdominal aortic aneurysm; CEA, carotid endarterectomy; EVAR,
endovascular aortic aneurysm repair; VR, virtual reality.
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certiﬁcation process in the near future, and 52% endorse
this requirement.DISCUSSION
The educational environment for the training of vascular
surgeons has changed signiﬁcantly over the last decade.
Several factors have contributed to this change and include
the ACGME work hour restrictions, the marked decrease in
resident autonomy, the introduction of the shorter training
paradigms, and the general shift toward more minimally
invasive treatment of patients with vascular disease. These
changes have caused concern among surgical educators.
This concern is greatest with regard to the ability and conﬁ-
dence of vascular fellows to perform all aspects of the
specialty independently as required by the board for
specialty certiﬁcation. With the increasing prevalence of
simulation training in vascular training programs, we pose
the question to trainees: Can simulation be used to better
prepare trainees for independent practice? And if so, where
should we focus our simulation training efforts?
Our study reveals that senior level vascular trainees have
limited operative experience and low self-reported conﬁ-
dence levels for performing complex open and endovascular
procedures such as carotid-subclavian artery bypass proce-
dures, visceral artery bypasses, open thoracoabdominal
aortic procedures, carotid artery stenting, and thoracic
endovascular aneurysm repair. Review of the ACGME
national case log data reveals similar limited operative expe-
rience for index cases.11 Our data also reveal that vascular
trainees want more simulation training and that they
strongly believe simulation training to be of value. Despite
this desire for more simulation training, few senior trainees
have the opportunity for simulation training within their
home institutions. Only 33% of senior vascular trainees
responding to this survey have access to VR peripheral
endovascular training, 25% to VR EVAR training, and
a mere 14% have access to cadaver dissections. These three
simulation exercises were ranked by senior trainees as
having the greatest educational value, while junior traineessupport the use of open anastomosis models and peripheral
VR simulators.
Operative conﬁdence is improved among trainees with
access to simulation, further lending support to the broader
implementation of simulation. While we cannot assume
causation from this correlation, at the very least, it supports
further investigation into the true impact of simulation, and
these ﬁndings should be considered as we move toward
recommending a standardized simulation curricula. The
reality is that likely this effect is multifactorial, with the
programs that have simulation potentially playing a much
more active role in the technical skills acquisition inside
and outside the operating room.
It is clear from our study that there is access to some
simulation instruction during vascular surgery training,
but the extent to which simulation is integrated into the
individual training program curriculum is still unknown
and represents one of the shortcomings of this survey.
Simulation and skills training has been supported by
surgical educators as a mechanism for providing more
homogeneity to the residency experience. Simulation
provides a means of teaching those skills and procedures
infrequently encountered during surgical training. For
each of the case types for which there is low reported ex-
perience (and conﬁdence), models exist for simulation
training. Simulation has been shown to improve trainees’
technical skill, shorten learning curves, improve resident
procedural understanding, and improve resident conﬁdence
for performing complex vascular procedures.12,13 In previ-
ously published work, it has been demonstrated that
cadaver labs are a valuable tool for improving procedural
knowledge, understanding difﬁcult anatomic relationships,
and improving operative conﬁdence for a number of
uncommonly performed open vascular procedures, further
supporting the utility of simulation as a tool to help prepare
trainees for independent practice.14
Our survey revealed that the current trainees believe
simulation to be an important avenue for augmenting their
skills in a meaningful way, and they believe that someday it
will also play a role in the certiﬁcation process. Simulation
has, in fact, already gained acceptance in Europe as a mech-
anism for assessing technical proﬁciency in vascular surgery.
Assessment of procedural competence using simulation is
part of the European Board of Surgery Qualiﬁcation in
Vascular Surgery examination and is required for certiﬁca-
tion in vascular surgery in the European Union.15,16 With
the advent of the ACGME Milestone project, competency
assessment through simulation may soon become a reality
in the U.S. as well.
The question we raise is: How can a vascular surgical
simulation curriculum be integrated into the vascular
surgery curriculum? For a national program to be accept-
able, it must be feasible and relevant. It should address
the training disparities between vascular surgery trainees’
operative experience achieved and that needed to make
him or her competent. Therefore, the curriculum must
be proﬁciency-based. The curriculum should likely include
cognitive skills training and didactic sessions, reading
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that trainees ﬁnd the greatest value in simulation tools
that ﬁt their level of experience. Basic anastomotic simula-
tion was ranked high by juniors and low by seniors. We
therefore recommend incorporating basic skills training
(ie, open anastomosis or ultrasound-guided vascular access)
early in the training. As trainees gain proﬁciency with basic
tasks, simulation training should focus more on complex
endovascular procedures and open exposures encountered
less frequently during residency training. As the vascular
trainees progress toward a predeﬁned proﬁciency criterion
in the skills lab, they can continue to improve their skills
in the real world under faculty supervision.
It is the curriculum not the simulator that provides for
learning opportunities. For simulation training to be effec-
tive, it requires dedicated time in the lab, committed faculty,
and a proﬁciency-based training curriculum that allows for
deliberate practice, assessment, and feedback. We recom-
mend the development of a national vascular surgical skills
lab curriculum that could be used in all vascular surgical
programs. Skills could be taught and learned outside of
the operating room environment within skills labs or
simulation suites. For programs without access to these
resources, simulation training could occur at regional
and/or national meetings. Similarly, standardized training
could occur at regionalized simulation centers that offer
training courses supporting the national curriculum.
Our study has several limitations. We used a sample of
convenience. While our response rate was an acceptable
56%, it is possible that the trainees who did not respond to
our survey have no interest in simulation training. If true,
this would overestimate the number of trainees interested
in simulation training. Additionally, we did not include
questions in our survey that investigated the degree towhich
simulation has been incorporated into the trainees’ vascular
training curricula. We strongly believe that without a plan
for integrating simulation into the training curriculum
allowing for deliberate and distributed practice, it is of
limited value. Gaining a better understanding of the manner
in which simulation is currently being utilized would have
perhaps allowed us to identify the most successful applica-
tions of simulation tools, thereby informing future plans
for delineating how simulation training should be utilized
to shape vascular surgical education.
CONCLUSIONS
Senior-level vascular trainees seemingly have limited
operative experience and low self-reported conﬁdence
levels for performing complex open and endovascular
procedures. Trainees with access to simulation report
higher conﬁdence levels for a number of index vascular
procedures than their counterparts without access to simu-
lation. While simulation training is available in some
vascular surgery programs, it is unclear how it is being
used, as there are as of yet no standard recommendations
for its implementation into training. We see an opportunity
to inﬂuence and positively impact the training experience
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